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A Mechanochemical assisted oxidation of amines to carbonyl 
compounds and nitriles 

 
Silvia Gaspa,[a] Andrea Porcheddu,[b] Antonio Valentoni,[a] Sebastiano Garroni, [c,d] Stefano Enzo[a] and 
Lidia De Luca*[a] 

Dedication ((optional)) 

Abstract: A mild, efficient, metal- and solvent-free oxidation of 
primary amines to aldehydes, ketones and nitriles under ball-milling 
conditions is presented. This method has proved to be compatible 
with various functional groups and requires easily accessible starting 
materials. Simple filtration of the reaction mixture through a pad of 
silica gel affords pure aldehydes, ketones and nitriles products. 

Introduction 

The oxidation of amines is a potent tool to produce a broad range 
of available synthetic intermediates such as imines, amides, 
oximes, nitro compounds, nitriles, aldehydes and ketones 
(Scheme 1).[1]  
The conventional route to aldehydes and ketones involves the 
oxidation of primary and secondary alcohols,[2] but a challenging 
alternative is the synthesis of carbonyl compounds from readily 
available and abundant precursors like amines. The existing 
methodologies, despite their efficiency, suffer from the required 
use of stoichiometric amounts of toxic metal-containing reagents 
such as KMnO4,[3] argentic picolinate,[4] ZnCr2O7 trihydrate,[5] 

nicotinum dichromate,[6] or the use of palladium-,[7] copper-,[8] 
ruthenium,[9] metal-based catalysts , and the use of toxic solvents. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Oxidation of amines 
 
In addition sometimes these methodologies are affected by poor 
yields, by overoxidation of the carbonyl products to carboxylic 
acids or by the side-products formation as imines. For the above 
mentioned reasons new procedures which make use of metal free 
reagents and which run under neat conditions result to be 
particular desirable and attractive especially because allow to 
avoid toxic metal contamination in final products and the use of 
toxic and volatile organic solvents.  
 
Nitriles are used as versatile intermediates in organic synthesis, 
while can be readily converted to esters, amides and carboxylic 
acids. Different methodologies have been developed to 
synthetize nitriles,[10] and, among of them, the preparation of 
nitriles from amines appears as the most direct and suitable. 
However the selective oxidation of primary amines to nitriles 
presents many difficulties, due to the fact that amines are subject 
to a variety of oxidative processes that yield an array of 
products.[11] Recently ruthenium[12] and copper[13] catalysed 
oxidation of amines to nitriles were reported, despite their large 
substrate scope suffer from low selectivity, the use of toxic 
solvents and drastic reaction conditions. Other interesting metal-
free procedures were reported, but, even if they have a large 
substrate scope and are high yielding, make use of large 
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excesses of oxidants and of bases that makes these procedures 
impractical for large-scale synthesis.[14] 
In this context the ball-milling synthesis has draw significant 
interest in the scientific community due to its advantages over 
traditional solution-based methods.[15] The major benefit of this 
technology is that it is solvent-free and it allows to minimize any 
traditional workup.[16] Higher yields of reaction, higher selectivity 
of process, less byproducts, and minimum purification 
requirements are additional benefits of these procedures.[17] For 
these reasons we have decided to investigate a new approach to 
oxidize amines under ball-milling conditions.[18]  

Results and Discussion 

Oxidation of primary benzylamine to carbonyl compounds 
As part of our on-going efforts to design new synthetic 
methodologies for the preparation of aldehydes and ketones,[19] 

we have developed a highly useful procedure for converting 
primary amines to aldehydes and ketones under ball-milling and 
solvent-free conditions at room temperature. To the best of our 
knowledge this is the first example of an oxidative transformation 
of amines to carbonyl compounds trough a mechanochemical 
assisted procedure. 
We started our investigation by mixing benzylamine (Table 1, 1, 
1.5 mmol) with N-chlorosuccinimide[20] (NCS) (Table 1, 2, 3 mmol) 
for 10 min at room temperature, sealing the two reagents in a 
Zirconia jar (50 mL), containing two balls (d = 11.2 mm) of the 
same material. The corresponding dichloramine 3a was 
quantitatively formed. Then triethylamine (4.5 mmol) was added 
and the mixture was subjected to mechanical treatment for further 
10 minutes at room temperature. Upon completion of the ball 
milling process and after an hydrolysis carried out with HCl(aq) 5%, 
benzaldehyde 5a was obtained in 66 % of yield (Table 1, entry 1). 
In order to find the optimum reaction conditions the quantity of 
triethylamine was decreased to 3.0 mmol (Table 1, entry 2) and 
to 2.25 mmol (Table 1, entry 3) and the desired aldehyde 2 was 
obtained respectively in 70 % and 82 % yield. Different bases 
were also screened: pyridine (Table 1, entry 4, 3.0 mmol) giving 
the product 5a in 40% yield, while NaOHaq (2mL, 1.5 M) (Table 1, 
entry 5, 3 mmol), K2CO3 (Table 1, entry 6, 4.5 mmol), MgO (Table 
1, entry 7, 4.5 mmol) did not furnish the benzaldehyde 5a, but the 
dichloroamine 3a was recovered. 
 
Table 1. Screening of Reaction Conditions 

 

 

entry base mmol(base) Yield[a]  

1 NEt3 4.5 66  

2 NEt3 3.0 70  

3 NEt3 2.25 82  

4 pyridine 3.0 40  

5 NaOHaq 3.0 -  

6 K2CO3 4.5 -  

7 MgO 4.5 -  

[a] Yield refers to isolated product  

 
A comparison between neat conditions and ball milling was 
carried out, showing a better performance of the ball milling 
assisted process. 
The method was performed for benzylamine (Scheme 2, 1a, 1.5 
mmol) in the presence of N-chlorosuccinimide (NCS) (Scheme 2, 
2, 3 mmol) under solvent-free (neat) conditions at room 
temperature for 15 min, then triethylamine (2.25 mmol) was added 
and the reaction mixture was allowed to stir under solvent-free 
(neat) conditions at room temperature for 20 min, and after an 
acid hydrolysis benzaldehyde 5a was obtained in 9 % of yield. 
 
 
 
 
 
 
Scheme 2. Oxidation of benzylamine to benzaldehyde under neat 
conditions. 
 
After the reaction conditions were optimised (Table 1, entry 3), the 
amine scope of the reaction was tested (Scheme 3). In general, 
all reactions proceeded without any significant side products, no 
overoxidation of aldehydes to carboxylic acids was observed and 
the corresponding carbonyl compounds 5a-m were obtained in 
satisfactory yields. 
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Scheme 3. Oxidation of amines to aldehydes: amines scope 
 
Reactions of benzyl amines having electron-donating substituents 
on the aromatic ring (Scheme 3, products 5b, 5c, 5d, 5j and 5k) 
give better results to those of amines having electron with-drawing 
substituents (Scheme 3, products 5e, 5f, 5g, 5h and 5i). 
Benzylamines bearing substituent in the ortho-position are also 
suitable substrates for this process (Scheme 3, product 5k). 
The reaction carried out on benzylamine with halide substituents 
on the aromatic ring (Scheme 3, products 5e, 5f and 5l) gave the 
corresponding aldehydes, which could be further transformed by 

traditional cross-coupling reactions. The oxidation of 1,2,3,4-
tetrahydroisoquinoline, a cyclic amine, notably gave selectively 
only 3,4-dihydroisoquinoline, the corresponding conjugated cyclic 
imine (Scheme 3, product 5m). The present procedure was 
applied to aliphatic amines, but at the end of the entire procedure 
the corresponding N-dichloroamines were recovered and the 
corresponding aldehydes were not obtained. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 4. Oxidation of amines to ketones: amines scope 
 
α-Substituted benzylamines were successfully transformed into 
corresponding ketones via this oxidative procedure. Both 
symmetrical and unsymmetrical α-substituted benzylamines were 
easily oxidized to corresponding ketones (Scheme 4, products 5n, 
5o, 5p, 5q, 5r, 5s, 5t and 5u). α-Substituted benzylamines having 
both electron-donating substituents and electron with-drawing on 
the aromatic ring work well in this procedure. Finally, the gram 
scale synthesis of the product 5a was performed. Under optimized 
conditions 1.0 g of benzylamine 1a (7.1 mmol) was mixed with N-
chlorosuccinimide (NCS) (1.89 g, 14.1 mmol) and then milled for 
10 min in a Zirconia jar (50 mL). The corresponding dichloramine 
3a was quantitatively formed. Then triethylamine (1.48 mL,10.6 
mmol) was added and the mixture was subjected to mechanical 
treatment for further 10 minutes at room temperature. Upon 
completion of the ball milling process and after an hydrolysis 
carried out with HCl(aq) 5%, benzaldehyde 5a was obtained in 
83 % of yield. Yield and purity remained analogous to the small-
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scale reaction, providing the flexibility and scalability of the 
methodology. 
 
The oxidation of primary benzylic amines to nitriles 
After the successful oxidation of primary benzylic amines to 
aldehydes and ketones, we have investigated the possibility to 
transform amines into nitriles under ball-milling and solvent-free 
conditions at room temperature. The same methodology used to 
oxidize the amines to carbonyl compounds may be employed to 
allow a one-pot oxidation of amines to nitriles by means of an 
increase in the time of ball milling and of triethylamine amount. 
We started our investigation by treating benzylamine (Scheme 5, 
1a, 1.5 mmol) with N-chlorosuccinimide (NCS) (Scheme 5, 2, 3 
mmol) and the reaction was carried out in a shaker mill equipped 
with a ZrO2-milling jar (50 ml), containing two balls (d = 11.2 mm) 
of the same material which was ball-milled for 10 min at room 
temperature. The corresponding dichloramine 3 was 
quantitatively formed. Then a triethylamine (4.5 mmol) was added 
and the mixture was subjected to mill for 20 minutes at room 
temperature. Upon completion of the ball milling process 
benzonitrile 6a was obtained in 95% of yield (Scheme 5, product 
6a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 5. Oxidation of amines to nitriles 
 
Then the scope of the methodology was tested. Generally all 
reactions proceeded without any significant side products, and 
the corresponding nitriles 6a-k were obtained in satisfactory 
yields. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 6. Oxidation of amines to nitriles: amines scope 
 
Reactions of benzyl amines having electron-donating substituents 
on the aromatic ring (Scheme 6, products 6b, 6c and 6d) give 
comparable yields to those of amines having electron with-
drawing substituents (Scheme 6, products 6e, 6f, 6g, 6h, 6i and 
6k). Benzylamines bearing substituent in the ortho-position are 
also suitable substrates for this process (Scheme 6, product 6j). 
The reaction carried out on benzylamine with halide substituents 
on the aromatic ring (Scheme 6, products 6e, 6f and 6k) gave the 
corresponding benzonitriles, which could be further transformed 
by traditional cross-coupling reactions. The gram scale synthesis 
of the product 6a was investigated. Under optimized conditions 
for the preparation of nitriles 1.0 g of benzylamine 1a (7.1 mmol) 
was mixed with N-chlorosuccinimide (NCS) (1.89 g, 14.1 mmol) 
and then milled for 10 min in a Zirconia jar (50 mL). Then 
triethylamine (2.95 mL, 21.2 mmol) was added and the mixture 
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was subjected to mechanical treatment for further 20 minutes at 
room temperature. Upon completion of the ball milling process 
benzonitrile 6a was obtained in 94% of yield. Also in this case the 
yield and purity remained analogous to the small-scale reaction. 
A plausible reaction sequence is shown in Scheme 7. 
Benzylamine A, reacted with N-chlorosuccinimide (NCS) by ball 
milling (10 min), is transformed to N-dichlorobenzylamine B which 
was isolated and characterized, probably via a radical pathway. 
When N-dichlorobenzylamine B is reacted with 1.5 equiv. of NEt3 

by ball milling (10 min) (Scheme 7, path a), is transformed[21] to 
N-chlorobenzylimine C which was isolated and characterized.[22] 
After aqueous hydrolysis N-chlorobenzylimine C is converted to 
corresponding benzaldehyde D. Instead when N-
dichlorobenzylamine B is reacted whit 3 equiv. of NEt3 by ball 
milling (20 min) (Scheme 7, path b), is transformed to benzonitrile 
E. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 7. Proposed reaction sequence of carbonyl compounds 
and nitriles formation. 
 

Conclusions 

In summary, we have developed a mild, efficient and metal-free 
method for the synthesis of aldehydes, ketones and nitriles from 
primary amines under ball-milling conditions, which may 

constitute a significant addition in mechanochemical synthesis. 
This method has proved to be compatible with various functional 
groups and requires easily accessible starting materials. 
 

Experimental Section 

General Information 

All reagents and solvents were as obtained by commercial source. All 
solvents were dried by usual methods and distilled under Argon. Short 
chromatography was generally performed on silica gel (pore size 60 Å, 32-
63 nm particle size) with 4 cm column‘s diameter with 5 cm of silica gel, 
and reactions were monitored by thin-layer chromatography (TLC) 
analysis was performed with Merck Kieselgel 60 F254 plates and 
visualized using UV light at 254 nm, KMnO4 and 2,4-DNP staining. An 
8000M Mixer/Mill®, ball-milling apparatus was used for all reactions with a 
rotation frequency of 875 rpm. 1H NMR and 13C NMR spectra were 
measured on a Bruker Avance III 400 spectrometer (400 MHz or 100 MHz, 
respectively) using CDCl3 solutions and TMS as an internal standard. 
Chemical shifts are reported in parts per million (ppm, d) relative to internal 
tetramethylsilane standard (TMS, d 0.00). The peak patterns are indicated 
as follows: s, singlet; d, doublet; t, triplet; m, multiplet; q, quartet; dd, 
doublet of doublets; br, broad. The coupling constants, J, are reported in 
Hertz (Hz). Melting points were determined in open capillary tubes and are 
uncorrected. 

General Procedure to oxidation of primary benzylamine to carbonyl 
compounds: 

Benzylamine (0.212 g, 1.5 mmol) and N-chlorosuccinimide (0.400 g, 3 
mmol) were milled in a Zirconia vial (50 mL), containing two balls (d = 11.2 
mm) of the same material. The reagents were then ball milled in a shaker 
milling device for 10 min at room temperature (monitored by TLC the 
disappearance of benzylamine). Then, NEt3 (0.227 g, 2.25 mmol) was 
added and the mixture was subjected to mill further for 10 minutes at room 
temperature. Upon completion of the ball milling process, the jar was 
opened and to the reaction mixture was added 10 mL of THF and 
transferred in a round bottom flask for the hydrolysis. To the mixture was 
added 15 mL of HCl(aq) 5% and subjected to stir for 2 hours at room 
temperature and then, extracted there times with 10 mL of CH2Cl2. The 
combined organic phase were dried over anhydrous Na2SO4 and the 
solvent was evaporated under reduced pressure. The crude product was 
purified through a short chromatography column (hexane/ ethyl acetate). 

Compound characterizations 5a-5u: 

Benzaldehyde (5a):[23] Colorless oil; (0.130 g, 82 % yield). The desired 
pure product was obtained after short column chromatography (Rf = 0.314 
hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 10.00 (s, 1H), 
7.86 (d, J = 7.5 Hz, 2H), 7.61 (t, J = 7.1 Hz, 1H), 7.52 (d, J = 7.7 Hz, 2H). 
13C NMR (100 MHz, CDCl3) δ: 192.2, 136.3, 134.3, 129.6, 128.9. 

4-methoxybenzaldehyde (5b):[23] Colorless oil; (0.180 g, 88 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.344 hexane/ethyl acetate 4/1). 1H NMR (400 MHz, CDCl3) δ: 9.83 (s, 
1H), 7.78 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 8.6 Hz, 2H), 3.83 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ: 190.6, 164.4, 131.8, 129.8, 114.1, 55.4. 

[1,1'-biphenyl]-4-carbaldehyde (5c):[24] White solid; (0.189 g, 69 % yield); 
m.p. 56 - 58 °C. The desired pure product was obtained after short column 
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chromatography (Rf = 0.4 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ: 10.07 (s, 1H), 7.96 (d, J = 8.1 Hz, 2H), 7.76 (d, J = 8.0 Hz, 
2H), 7.64 (d, J = 7.6 Hz, 2H), 7.49 (t, J = 7.5 Hz, 2H), 7.42 (t, J = 7.4 Hz, 
1H). 13C NMR (100 MHz, CDCl3) δ: 191.9, 147.2, 139.7, 135.2, 130.2, 
129.0, 128.5, 127.7, 127.3. 

4-methylbenzaldehyde (5d):[25] Colorless oil; (0.122 g, 68 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.613 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 9.96 
(s, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 7.8 Hz, 2H), 2.44 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ: 192.0, 145.5, 134.2, 129.8, 129.7, 21.9. 

4-fluorobenzaldehyde (5e):[26] Colorless oil; (0.132 g, 71 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.59 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 9.91 
(s, 1H), 7.85 (dd, J = 8.6, 5.6 Hz, 2H), 7.15 (t, J = 8.5 Hz, 2H). 13C NMR 
(100 MHz, CDCl3) δ: 190.3, 166.3 (d, J = 255 Hz), 132.8 (d, J = 2.4 Hz), 
132.5 (d, J = 9.6 Hz), 116.2 (d, J = 22.2 Hz). 

4-chlorobenzaldehyde (5f):[27] White solid; (0.116 g, 55 % yield); m.p. 46 
- 47.5 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.451 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ: 9.97 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.3 Hz, 
2H). 13C NMR (100 MHz, CDCl3) δ: 190.8, 140.9, 134.7, 130.8, 129.4. 

4-(trifluoromethyl)benzaldehyde (5g): Colorless oil; (0.102 g, 39 % 
yield). The desired pure product was obtained after short column 
chromatography (Rf = 0.433 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ: 10.10 (s, 1H), 8.01 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.0 Hz, 
2H).[28] 13C NMR (100 MHz, CDCl3) δ: 191.1 , 138.7, 135.6 (q, J = 37.5 Hz), 
129.9, 126.1 (q, J = 7.5 Hz), 123.5 (q, J = 270 Hz).[29]  

4-nitrobenzaldehyde (5h):[25] Yellow solid; (0.093 g, 41 % yield); m.p. 106 
- 107 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.385 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ: 10.16 (s, 1H), 8.39 (d, J = 8.6 Hz, 2H), 8.07 (d, J = 8.6 Hz, 
2H). 13C NMR (100 MHz, CDCl3) δ 190.2, 151.1, 140.0, 130.5, 124.3.  

4-formylbenzonitrile (5i):[30] White solid; (0.053 g, 27 % yield); m.p. 102 - 
103 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.333 hexane/ethyl acetate 4/1). 1H NMR (400 MHz, 
CDCl3) δ: 10.07 (s, 1H), 7.97 (d, J = 8.1 Hz, 2H), 7.82 (d, J = 8.1 Hz, 2H). 
13C NMR (100 MHz, CDCl3) δ: 190.6, 138.6, 132.8, 129.7, 117.6, 117.4. 

3,4-dimethoxybenzaldehyde (5j):[31] White solid; (0.204 g, 82 % yield); 
m.p. 42 - 43 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.379 hexane/ethyl acetate 3.5/1.5). 1H NMR (400 
MHz, CDCl3) δ: 9.84 (s, 1H), 7.45 (dd, J = 8.2, 1.9 Hz, 1H), 7.40 (d, J = 1.8 
Hz, 1H), 6.97 (d, J = 8.2 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H). 13C NMR (100 
MHz, CDCl3) δ: 190.8, 154.4, 149.6, 130.1, 126.8, 110.4, 108.9, 56.1, 56.0. 

2-methoxybenzaldehyde (5k):[27] Yellow oil; (0.126 g, 62 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.333 hexane/ethyl acetate 4.8/0.2). 1H NMR (400 MHz, CDCl3) δ: 10.47 
(s, 1H), 7.82 (dd, J = 7.7, 1.8 Hz, 1H), 7.56 – 7.52 (m, 1H), 7.03 – 6.97 (m, 
2H), 3.92 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 189.7, 161.8, 135.9, 128.5, 
124.8, 120.6, 111.6, 55.6.  

3-chlorobenzaldehyde (5l):[32] Colorless oil; (0.148 g, 70 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.548 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 9.88 
(s, 1H), 7.75 – 7.70 (m, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.51 – 7.46 (m, 1H), 

7.39 (t, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 190.5, 137.6, 135.1, 
134.0, 130.1, 128.8, 127.7.  

3,4-dihydroisoquinoline (5m):[33] Colorless oil; (0.147 g, 75 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.125 hexane/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 
1H), 7.37 (t, J = 6.8 Hz, 1H), 7.33 – 7.27 (m, 2H), 7.17 (d, J = 7.3 Hz, 1H), 
3.79 (t, J = 7.2 Hz, 2H), 2.76 (t, J = 7.8 Hz ,2H). 13C NMR (100 MHz, CDCl3) 
δ: 160.3, 136.2, 131.0, 128.4, 127.3, 127.2, 127.0, 47.2, 24.9. 

Benzophenone (5n):[34] White solid; (0.199 g, 73 % yield); m.p. 47 - 49 °C. 
The desired pure product was obtained after short column 
chromatography (Rf = 0.285 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ: 7.81 (d, J = 7.5 Hz, 4H), 7.59 (t, J = 7.4 Hz, 2H), 7.48 (t, J 
= 7.5 Hz, 4H). 13C NMR (100 MHz, CDCl3) δ: 196.7, 137.6, 132.4, 130.0, 
128.2. 

Acetophenone (5o):[35] Colorless oil; (0.106 g, 59 % yield). The desired 
pure product was obtained after short column chromatography (Rf = 0.333 
hexane/ethyl acetate 4.7/0.3). 1H NMR (400 MHz, CDCl3) δ: 7.93 (d, J = 
7.3 Hz, 2H), 7.56 – 7.50 (m, 1H), 7.43 (t, J = 7.6 Hz, 2H), 2.57 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ: 197.9, 137.0, 132.9, 128.4, 128.2, 26.4.  

Propiophenone (5p):[36] Colorless oil; (0.149 g, 74 % yield). The desired 
pure product was obtained after short column chromatography (Rf = 0.354 
hexane/ethyl acetate 4.7/0.3). 1H NMR (400 MHz, CDCl3) δ: 7.95 (d, J = 
7.8 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 2.98 (q, J = 
7.2 Hz, 2H), 1.21 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 199.8, 
135.9, 131.8, 127.5, 126.9, 30.7, 7.2. 

1-(p-tolyl)ethan-1-one (5q):[37] Colorless oil: (0.133 g, 66 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.286 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 7.87 
(d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 2.59 (s, 3H), 2.42 (s, 3H). 13C 
NMR (100 MHz, CDCl3) δ: 197.8, 143.8, 134.6, 129.2, 128.4, 26.4, 21.5.  

1-(4-methoxyphenyl)ethan-1-one (5r): [35] Colorless oil: (0.169 g, 75 % 
yield). The desired pure product was obtained after short column 
chromatography (Rf = 0.345 hexane/ethyl acetate 4/1). 1H NMR (400 MHz, 
CDCl3) δ: 7.92 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H), 
2.54 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 196.6, 163.4, 130.5, 130.3, 
113.6, 55.4, 26.3. 

1-(4-(dimethylamino)phenyl)ethan-1-one (5s): [38] White solid: (0.171 g, 
70 % yield). m.p. 103 - 104 °C. The desired pure product was obtained 
after short column chromatography (Rf = 0.345 hexane/ethyl acetate 4/1). 
1H NMR (400 MHz, CDCl3) δ: 7.87 (d, J = 8.9 Hz, 2H), 6.65 (d, J = 8.9 Hz, 
2H), 3.05 (s, 6H), 2.50 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 196.3, 153.3, 
130.5, 125.4, 110.6, 40.0, 25.9. 

1-(4-nitrophenyl)ethan-1-one (5rt):[38 39] White solid; (0.124 g, 50 % 
yield); m.p. 76 - 77 °C. The desired pure product was obtained after short 
column chromatography (Rf = 0.7 hexane/ethyl acetate 4/1). 1H NMR (400 
MHz, CDCl3) δ: 8.31 (d, J = 8.3 Hz, 2H), 8.11 (d, J = 8.7 Hz, 2H), 2.68 (s, 
3H). 13C NMR (100 MHz, CDCl3) δ: 196.2, 150.4, 141.4, 129.3, 123.8, 27.0. 

Ethyl 2-oxo-2-phenylacetate (5su):[39 40] Yellow oil; (0.198 g, 74 % yield). 
The desired pure product was obtained after short column 
chromatography (Rf = 0.3 hexane/ethyl acetate 4.2/0.8). 1H NMR (400 
MHz, CDCl3) δ: 8.00 (d, J = 7.6 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.50 (t, J 
= 7.7 Hz, 2H), 4.45 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR 
(100 MHz, CDCl3) δ: 186.4, 163.8, 134.8, 132.4, 130.0, 128.8, 62.3, 14.1. 
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General Procedure to oxidation of primary benzylic amines to nitriles 
6a-6k: 

Benzylamine (0.212 g, 1.5 mmol) and N-chlorosuccinimide (0.400 g, 3 
mmol) were milled in a Zirconia vial (50 mL), containing two balls (d = 11.2 
mm) of the same material. The reagents were then ball milled in a shaker 
milling device for 10 min at room temperature (monitored by TLC the 
disappearance of benzylamine). Then, NEt3 (0.455 g, 4.5 mmol) was 
added and the mixture was subjected to mill further for 20 minutes at room 
temperature. Upon completion of the ball milling process, the crude 
product was purified through a pad of silica gel a short chromatography 
column (hexane/ ethyl acetate) providing benzonitrile 6a (0.147g, 95%). 

Compound characterizations 6a-6k: 

Benzonitrile (6a):[40 41] Colorless oil; (0.147 g, 95 % yield). The desired 
pure product was obtained after short column chromatography (Rf = 0.314 
hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 7.66 (d, J = 
7.5 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H). 13C NMR (100 
MHz, CDCl3) δ: 132.7, 132.1, 129.1, 118.8, 112.4. 

4-methoxybenzonitrile (6b):[40 41] Colorless oil; (0.184 g, 92 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.406 hexane/ethyl acetate 4.3/0.7). 1H NMR (400 MHz, CDCl3) δ: 7.58 
(d, J = 7.2 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 3.85 (s, 3H). 13C NMR (100 
MHz, CDCl3) δ: 162.8, 133.9, 119.2, 114.7, 103.9, 55.5. 

[1,1'-biphenyl]-4-carbonitrile (6c):[40 41] Yellow solid; (0.191 g, 71 % 
yield); m.p. 88 - 89 °C. The desired pure product was obtained after short 
column chromatography (Rf = 0.4 hexane/ethyl acetate 4.5/0.5). 1H NMR 
(400 MHz, CDCl3) δ: 7.74 - 7.67 (m, 4H), 7.59 (d, J = 7.4 Hz, 2H), 7.51 - 
7.41 (m, 3H). 13C NMR (100 MHz, CDCl3) δ: 145.6, 139.1, 132.5, 129.1, 
128.6, 127.7, 127.2, 118.9, 110.8. 

4-methylbenzonitrile (6d):[41 42] Colorless oil; (0.124 g, 71 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.385 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 7.50 
(d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.5 Hz, 2H), 2.38 (s, 3H). 13C NMR (100 
MHz, CDCl3) δ 143.6, 132.0, 129.8, 119.1, 109.3, 21.8. 

4-fluorobenzonitrile (6e):[42 43] Colorless oil; (0.174 g, 96 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.59 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 7.65 
(dd, J = 8.7, 5.2 Hz, 2H), 7.15 (t, J = 8.5 Hz, 2H). 13C NMR (100 MHz, 
CDCl3) δ: 164.9 (d, J = 254 Hz), 134.5 (d, J = 9 Hz), 117.85, 116.7 (d, J = 
13 Hz) 108.42 (d, J = 22 Hz). 

4-chlorobenzonitrile (6f):[40 41] White solid; (0.161 g, 78 % yield); m.p. 91 
- 93 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.344 hexane/ethyl acetate 4.8/0.2). 1H NMR (400 
MHz, CDCl3) δ: 7.60 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H). 13C NMR 
(100 MHz, CDCl3) δ: 139.5, 133.3, 129.7, 117.9, 110.8. 

4-(trifluoromethyl)benzonitrile (6g):[41 42] Colorless oil; (0.177 g, 69 % 
yield). The desired pure product was obtained after short column 
chromatography (Rf = 0.613 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ 7.81 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.3 Hz, 2H). 13C NMR 
(100 MHz, CDCl3) δ: 134.6 (q, J = 33.6 Hz), 132.7, 126.2 (q, J = 3.7 Hz), 
123.1 (q, J = 273.5 Hz), 117.4, 116.1. 

4-nitrobenzonitrile (6h):[43 44] White solid; (0.157 g, 71 % yield); m.p. 88 - 
89 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.385 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 

MHz, CDCl3) δ: 8.36 (d, J = 8.7 Hz, 2H), 7.89 (d, J = 8.7 Hz, 2H). 13C NMR 
(100 MHz, CDCl3) δ 150.0, 133.4, 124.3, 118.4, 116.8. 

Terephthalonitrile (6i):[43 44] White solid; (0.169 g, 88 % yield); m.p. 222 - 
223 °C. The desired pure product was obtained after short column 
chromatography (Rf = 0.333 hexane/ethyl acetate 4/1). 1H NMR (400 MHz, 
CDCl3) δ: 7.79 (s, 4H). 13C NMR (100 MHz, CDCl3) δ: 132.8, 117.0, 116.7. 

2-methoxybenzonitrile (6j):[41 42] Colorless oil; (0.150 g, 75 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.333 hexane/ethyl acetate 4.8/0.2) 1H NMR (400 MHz, CDCl3) δ: 7.56 
– 7.46 (m, 2H), 7.00 – 6.92 (m, 2H), 3.88 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ: 161.0, 134.3, 133.5, 120.6, 116.3, 111.2, 101.4, 55.8. 

3-chlorobenzonitrile (6k):[42 43] Colorless oil; (0.148 g, 72 % yield). The 
desired pure product was obtained after short column chromatography (Rf 

= 0.548 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 MHz, CDCl3) δ: 7.67 
– 7.63 (m, 1H), 7.61 – 7.54 (m, 2H), 7.43 (t, J = 7.9 Hz, 1H). 13C NMR (100 
MHz, CDCl3) δ: 135.3, 133.2, 131.9, 130.5, 130.3, 117.4, 114.0. 

General Procedure to N,N-dichloro-1-phenylmethanamine: 

Benzylamine (0.212 g, 1.5 mmol) and N-chlorosuccinimide (0.400 g, 3 
mmol) were milled in a Zirconia vial (50 mL), containing two balls (d = 11.2 
mm) of the same material. The reagents were then ball milled in a shaker 
milling device for 10 min at room temperature (monitored by TLC the 
disappearance of benzylamine). Upon completion of the ball milling 
process, the crude product was purified through a short chromatography 
column (hexane/ ethyl acetate) providing a product. 

Compound characterizations: 

N,N-dichloro-1-phenylmethanamine:[44 45] White solid; (0.174 g, 66 % 
yield). The desired pure product was obtained after short column 
chromatography (Rf = 0.518 hexane/ethyl acetate 4.8/0.2). 1H NMR (400 
MHz, CDCl3) δ: 7.41 (s, 5H), 4.70 (s, 2H). 13C NMR (100 MHz, CDCl3) δ: 
134.9, 130.0, 129.2, 128.5, 78.9. 

General Procedure to (E)-N-chloro-1-phenylmethanimine: 

Benzylamine (0.212 g, 1.5 mmol) and N-chlorosuccinimide (0.400 g, 3 
mmol) were milled in a Zirconia vial (50 mL), containing two balls (d = 11.2 
mm) of the same material. The reagents were then ball milled in a shaker 
milling device for 10 min at room temperature (monitored by TLC the 
disappearance of benzylamine). Then, NEt3 (0.227 g, 2.25 mmol) was 
added and the mixture was subjected to mill further for 10 minutes at room 
temperature.Upon completion of the ball milling process, the crude product 
was purified through a short chromatography column (hexane/ ethyl 
acetate) providing a product. 

Compound characterizations: 

(E)-N-chloro-1-phenylmethanimine:[45 46] White solid; (0.113 g, 54 % 
yield). The desired pure product was obtained after short column 
chromatography (Rf = 0.392 hexane/ethyl acetate 4.5/0.5). 1H NMR (400 
MHz, CDCl3) δ: 8.81 (s, 1H), 7.68 (d, J = 7.5 Hz, 2H), 7.52 - 7.42 (m, 3H). 
13C NMR (100 MHz, CDCl3) δ: 172.6, 133.2, 132.1, 129.0, 128.0. 

General Procedure to (E)-N-chloro-1-phenylmethanimine from N,N-
dichloro-1-phenylmethanamine: 
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N,N-dichloro-1-phenylmethanamine (0.264 g, 1.5 mmol) and NEt3 (0.227 
g, 2.25 mmol) were milled in a Zirconia vial (50 mL), containing two balls 
(d = 11.2 mm) of the same material. The reagents were then ball milled in 
a shaker milling device for 10 min at room temperature (monitored by TLC 
the disappearance of N,N-dichloro-1-phenylmethanamine). Upon 
completion of the ball milling process, the crude product was purified 
through a short chromatography column (hexane/ ethyl acetate) providing 
(E)-N-chloro-1-phenylmethanimine (0.123 g, 59 %). 

General Procedure to carbonyl compounds from (E)-N-chloro-1-
phenylmethanimine: 

(E)-N-chloro-1-phenylmethanimine (0.209 g, 1.5 mmol) was dissolved in 
10 mL of THF and transferred in a round bottom flask for the hydrolysis. 
To the mixture was added 15 mL of HCl(aq) 5% and subjected to stir for 2 
hours at room temperature and then, extracted there times with 10 mL of 
CH2Cl2. The combined organic phase were dried over anhydrous Na2SO4 
and the solvent was evaporated under reduced pressure. The crude 
product was purified through a short chromatography column (hexane/ 
ethyl acetate) to provide benzaldehyde 5a (0.134 g, 84%) 

General Procedure to nitriles from N,N-dichloro-1-
phenylmethanamine: 

N,N-dichloro-1-phenylmethanamine (0.264 g, 1.5 mmol) and NEt3 (0.455 
g, 4.5 mmol) were milled in a Zirconia vial (50 mL), containing two balls (d 
= 11.2 mm) of the same material for 20 min at room temperature 
(monitored by TLC the disappearance of N,N-dichloro-1-
phenylmethanamine). Upon completion of the ball milling process, the 
crude product was purified through a short chromatography column 
(hexane/ ethyl acetate) providing benzonitrile 6a (0.148 g, 96%). 
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